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Although oncologic efficacy is the primary goal of radical prostatectomy, preserving potency and continence is also important, given 
the indolent clinical course of most prostate cancers. In order to preserve and recover postoperative potency and continence after 
radical prostatectomy, a detailed understanding of the pelvic anatomy is necessary to recognize the optimal nerve-sparing plane 
and to minimize injury to the neurovascular bundles. Therefore, we reviewed the most recent findings from neuroanatomic studies 
of the prostate and adjacent tissues, some of which are contrary to the established consensus on pelvic anatomy. We also described 
the functional outcomes of radical prostatectomies following improved anatomical understanding and development of surgical 
techniques for preserving the neurovascular bundles. 
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INTRODUCTION 

Prostate cancer is the most common cancer among men, and 
approximately 2.8 million men are estimated to have a history 
of prostate cancer in the United States [1], Currently, prostate 
cancer can be detected in patients because its association with 
high prostate specific antigen levels, thus allowing early diag- 
nosis and prolonging survival after diagnosis [2]. This, in turn, 
has increased the number of candidates for radical prostatec- 
tomy, with the intention to cure prostate cancer while mini- 
mizing the risk of urinary incontinence and erectile dysfunc- 
tion [3]. 

Neuroanatomy of the prostate is important owing to its 
relationship with postoperative functions of continence and 
potency. Initially, Walsh's anatomic nerve-sparing technique 
in 1982 was based on the idea that the neurovascular bundles 
(NVBs) are situated posterolateral^ and symmetrically to the 
prostate in the space defined by the levator fascia, prostatic 



fascia, and Denonvilliers' fascia [4]. In the past few decades, 
several anatomic studies have provided deeper insight into 
the neuroanatomy of the prostate and adjacent tissue, which 
formed the basis for ensuring good oncologic and functional 
outcomes after radical prostatectomy. This article summarizes 
the most recent findings from neuroanatomic studies, some 
of which are contrary to the established consensus on pelvic 
anatomy. We also described the functional outcomes of radi- 
cal prostatectomies following improved anatomical under- 
standing and development of surgical techniques for preserv- 
ing the NVBs. 

EXPANSION OF NEUROANATOMIC 
STUDIES 

In 1982, Walsh and Donker [4] introduced the nerve-sparing 
radical prostatectomy procedure to preserving cavernous nerves 
situated posterolaterally and symmetrically to the prostate. This 
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technique has inspired greater acceptance of the surgical ap- 
proach for prostate cancer therapy and came to be used glob- 
ally. Since then, however, there has been an ongoing debate 
about the course of these cavernous nerves [5-8] (Table 1). 
The precise relationship of the NVBs and cavernous nerves to 
Denonvillier's fascia has been questioned by Kourambas et 
al. [5]. Costello et al. [9] expanded on Walsh's initial efforts by 



Table 1. Expansion of neuroanatomic studies: historical as- 
pects 
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[8] 


fascia containing NVBs 



NVB, neurovascular bundle. 




Fig. 1. Posterior view of the neurovascular bundle and prostate. 
The entire posterior surface of the prostate is covered by nerve 
fibers with fewer fibers at the 6-o'clock position. Reproduced 
from Costello et al. BJU Int 2004;94:1071-6, with permission of 
Wiley-Blackwell [9]. 



using cadaver models to further detail the precise anatomy 
of the NVBs because of their close relation with the prostate 
and seminal vesicles (Fig. 1). They identified 3 functional 
components of the NVBs. The posterior and posterolateral 
component runs within Denonvillier's fascia and the para- 
rectal fascia and innervates the rectum. A second component 
in the lateral NVB supplies the levator ani. The cavernosal 
nerves and prostatic neurovascular supply, the third compo- 
nent originally described by Walsh and Donker [4], lie along 
the posterolateral surface. The organization of these nerve 
bundles is rather disordered at the base of the prostate and 
at the seminal vesicles, further showing the complexity of the 
NVBs and the challenges of performing a technically sound 
nerve-sparing procedure [9]. Takenaka et al. [6] confirmed 
that branches of the hypogastric nerve and pelvic splanch- 
nic nerve are likely to interdigitate at multiple levels, show- 
ing spray-like arrangement without clear bundle formation 
(Fig. 2). In addition, Lunacek et al. [7] demonstrated that the 
cavernous nerves running along the prostate are displaced 
more anteriorly and disperse along the convex surface of the 
prostatic capsule (like a "curtain") during the growth of the 
prostate. From these anatomical findings, they proposed a 
"curtain dissection" technique, in which the incision of the 
periprostatic fascia and dissection of the NVBs is far more an- 




Fig. 2. Fresh cadaver dissections to identify neurovascular bun- 
dle (NVB) (left lateral view). Caudal branches (arrows) of pelvic 
splanchnic nerve (PSN) appeared to join NVB at levels inferior to 
bladder-prostate junction (asterisks). BL, bladder; DPN, dorsal 
penile nerves; PP, pelvic plexus; PR, prostate; R, PSN rectal 
branches. Reproduced from Takenaka etal. J Urol 2004;1 72:1 032- 
5, with permission of Elsevier B.V. [6]. 
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terior than previously described. Furthermore, Menon et al. 
[8] described a technique for preserving the lateral prostatic 
fascia containing NVBs, the "Veil of Aphrodite." On the basis 
of these studies, the high anterior release, "Veil of Aphrodite," 
or "Superveil" technique have been developed for preserving 
the maximum number of nerve fibers [10-12]. 

DISTRIBUTION OF PERIPROSTATIC 
NERVES 

Recent anatomic studies have shown the variable degrees of 
periprostatic nerves both in the dorsolateral and ventrolateral 
positions [13-16]. Eichelberg et al. [13] illustrated that, while 
most periprostatic nerves were found posterolaterally as initial- 
ly described, a significant portion of the nerves (21.5-28.5%) 
were located on the anterior surface. Similarly, Lee et al. [16] 
investigated the pattern of distribution of nerves surrounding 
the prostate by analyzing specimens from non-nerve-sparing 
radical prostatectomies (Fig. 3). Significant proportions (19.9- 
22.8%) of the total nerves were located on the anterior side of 
the prostate. NVBs with a relatively round, bundle-like forma- 
tion were observed in approximately half the cases; in other 
cases, NVBs were more widely spread as they extended ante- 
riorly. 

In a study using whole-mount sections of non-nerve-sparing 
radical prostatectomies, Ganzer et al. [14] used novel comput- 
erized planimetry software to characterize the topographical 
anatomy of periprostatic and capsular nerves [15]. The per- 
centage of total nerve surface area was highest dorsolater- 
ally (84.1%, 75.1%, and 74.5% at the base, middle, and apex, 




Fig. 3. (A) Neurovascular bundle (NVB) localized to the postero- 
lateral aspect of the prostate (S-1 00 stain). (B) NVB in the forma- 
tion are relatively more spread to the anterior side of the pros- 
tate (S-1 00 stain). Reproduced from Lee et al. Urology 2008;72: 
878-81, with permission of Elsevier B.V. [16]. 



respectively), but this finding was variable. Up to 39.9% of 
nerve surface area was found ventrolaterally with up to 45.5% 
in the dorsal position. However, the dilemma is a product of 
growing evidence on anatomic distribution NVBs without any 
clear understanding of their role in the physiology of erectile 
function. Since the presence of periprostatic nerve fibers 
was proven not to be involved in erection, Kaiho et al. [17] 
provided evidence to confirm the role of these fibers using 
electrophysiologic testing. Although the largest amplitudes 
of pressure responses were induced by stimulation at the 
5-o'clock position, electrical stimulation at all positions of the 
midprostate (between 1- and 5- o'clock) evoked the caverno- 
sal pressure responses in all patients. 

Although the existence of ventrolateral periprostatic nerves 
has been confirmed, detailed knowledge of the type of nerve 
fibers innervating the prostate is important in understanding 
the pathophysiology and functional consequences. Alsaid 
et al. [18] demonstrated the location and type of nerve fibers 
within the NVBs and provided a three-dimensional represen- 
tation of their structural relationship in male fetus. The three- 
dimensional reconstruction illustrated that nerve fibers were 
derived from the inferior hypogastric plexus, providing cho- 
linergic, adrenergic, and sensory innervation to seminal vesi- 
cles, vas deferens, prostate, and urethral sphincter in a fanlike 
formation. However, in their cadaver study, Costello et al. [19] 
reported that functionally significant parasympathetic nerve 
fibers accounted for 4%, 5%, and 6.8% of the nerves located 
on the anterolateral aspect of the prostate at the base, mid, 
and apex, respectively. Ganzer et al. [20] recently confirmed 
this finding using topographic distribution of periprostatic 
nerves, including immunohistochemical differentiation of 
proerectile parasympathetic from sympathetic nerves. They 
found that parasympathetic nerves were dispersed at the base 
and were mainly located dorsolateral^ at the apex, with 14.6% 
above the horizontal line at the base and only 1.5% at the 
apex. Thus, no consensus has been reached on the anatomic 
evidence for supporting high anterior incision in the lateral 
prostatic fascia in order to spare the cavernous nerve fibers. 

FASCIAL ANATOMY OF THE PROSTATE 

The fascial anatomy near the prostate is not well understood 
anatomically, and many urologists have not reached a con- 
sensus on its nomenclature (Fig. 4). The endopelvic fascia 
comprises of multilayered connective tissue that encases and 
supports the prostate and bladder and provides adherence to 
the pubic bone by the puboprostatic ligaments. The parietal 
and visceral components of the endopelvic fascia are fused 
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Fig. 4. Schematic of prostate and periprostatic fascias at mid- 
prostate with three different dissection planes demonstrated 
(intrafascial, interfascial, and extrafascial). VEF ant.-lat, visceral 
endopelvic fascia anterior-lateral; PEF, parietal endopelvic fas- 
cia; C, capsule of prostate; LAF post.-lat, levator ani fascia pos- 
terior-lateral; PF, prostatic fascia. Reproduced from Walz et al. 
Eur Urol 201 0;57:1 79-92, with permission of Elsevier B.V. [43]. 

along the pelvic sidewall at the lateral aspect of the prostate 
and bladder. This fusion is often recognizable as a whitish line 
and is named the fascial tendinous arch of the pelvis [21]. The 
prostatic fascia directly covers the prostate, forming an intra- 
fascial plane between this fascia and the prostate capsule. The 
levator ani fascia is immediately exterior to the prostatic fas- 
cia and serves as the boundary for an interfascial plane. After 
the endopelvic fascia is opened laterally to the fascial tendi- 
nous arch and the levator ani muscle is deflected laterally, the 
outermost fascial layer on the lateral surface of the prostate, 
the levator ani fascia, is observed [22]. Both the levator ani 
fascia and prostatic fascia constitute periprostatic fascia for 
the operating surgeon. The posterior surface of the prostate 
and the seminal vesicles are closely covered by a continuous 
layer of the posterior prostatic fascia and seminal vesicles 
fascia, known as Denonvillier's fascia. Dissection along these 
avascular planes preserves the NVBs, as the majority of the 
NVBs are thought to run between the anterior extension of 
Denonvillier's fascia and the levator ani fascia. A thorough 
understanding of these planes is crucial for performing an 
anatomic dissection, while avoiding mechanical and thermal 
injury to the NVBs. 

DEVELOPMENT OF NERVE-SPARING 
TECHNIQUES 

Several techniques have been proposed to optimize the pres- 



ervation of erectile function on the basis of the anatomic prin- 
ciples summarized above. In particular, the intraoperative 
magnification offered by robotic surgical systems enables 
identification and preservation of periprostatic fascial planes 
that have nerve fibers [23] . 

Interfascial dissection of NVBs involves a dissection lateral 
to the prostatic fascia at the anterolateral and posterolateral 
aspects of the prostate, combined with a dissection medial 
to the NVB at the 5-o'clock and 7-o'clock positions or the 
2-o'clock and 10-o'clock positions of the prostate in axial sec- 
tion [24,25]. Depending on individual anatomic variations, 
the NVBs might be more prone to partial resection with this 
technique. According to the experience gained from intrafas- 
cial nerve-sparing prostatectomy, Stolzenburg et al. [26,27] 
emphasized the importance of the dissection depth for pre- 
serving NVBs. The intrafascial technique is a dissection that 
follows a plane on the prostate capsule, remaining medial to 
the prostatic fascia at the anterolateral and posterolateral as- 
pect of the prostate and anterior to Denonvillier's fascia. 

Tewari et al. [28] studied the neuroanatomy of the pelvic 
erectile nerves as relevant to robotic radical prostatectomy. 
They grouped important neural structures into the proximal 
neurovascular plate (PNP), the predominant NVB (PNB), and 
the accessory neural pathways (ANPs). The PNP, located lat- 
eral to the bladder neck, seminal vesicles, and branches of the 
inferior vesical vessels, processes and relays erectogenic neu- 
ral signals. The PNB is the classical bundle that carries neural 
impulses to the cavernosal tissue, and ANPs are the putative 
accessory neural pathways around the prostate, other than 
the PNB, that might be additional conduits for neural impulses. 
These authors described a hammock-like distribution of the 
nerves on which the prostate rests, showing that the NVB is 
more of a network of multiple fine dispersed nerves than a dis- 
tinct structure. Because the classical nerve-sparing approach 
will sacrifice most of the proximal and posterior extensions of 
the neurovascular tissue, the neural zones around the prostate 
have important implications in robotic radical prostatectomy. 
They proposed a novel risk-stratified nerve-sparing approach 
for determining the degree of nerve sparing based on the 
observation of venous distribution over the prostate and 
periprostatic fascial planes [29]. They reported that patients 
with greater degrees of nerve-sparing had higher rates of 
intercourse and return to baseline sexual function [29], and 
early return of urinary continence without compromising on- 
cologic safety [30]. 

Similarly, Schatloff et al. [31] described a nerve-sparing 
grading system based on the arterial periprostatic distribution 
on the posterolateral aspect of the prostate. The landmark 
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artery, which could be either a prostatic or a capsular artery, 
is located approximately 2-3 mm outside the capsule and can 
be used as a visual cue to delineate the extension of the resec- 
tion of the NVBs. They independently graded nerve sparing 
on either sides (1, no nerve sparing; 2, < 50% nerve sparing; 3, 
50% nerve sparing; 4, 75% nerve sparing; 5, > 95% nerve spar- 
ing), and found that the side-specific positive surgical margin 
rate according to the nerve-sparing score were 3.6% for grade 
5, 7.5% for grade 4, 16.7% for grade 3, 5.7% for grade 2, and 0% 
for grade 1. 

CLINICAL OUTCOMES 

The aforementioned studies have improved anatomical under- 
standing, development of surgical techniques for preserving 
periprostatic nerves, and functional outcomes, simultaneously 
preserving the oncological goals after radical prostatectomy. 
Potency rates after radical prostatectomy are influenced by 
numerous factors including baseline characteristics, nerve- 
sparing extension and techniques, and definition of potency. 
A recent meta-analysis revealed a progressive increase in 
potency rates with follow-up after radical prostatectomy [32]. 
Different modifications of the initial nerve-sparing technique 
have been described, which reflected improvements in ana- 
tomic understanding. Ahlering et al. [33] described a cautery- 
free nerve-sparing procedure that significantly improved early 
return of potency (47% vs. 8.3%, P< 0.001). Menon et al. [8,10] 
described "Veil of Aphrodite" or "superveil" technique in 
which the prostatic fascia is dissected to the prostatic surface, 
and the periprostatic tissue is released in a relatively avascu- 
lar plane. With the "superveil" technique, 94% of men who 
attempted sexual intercourse were successful at 6-18 months 
after radical prostatectomy. Tewari's risk stratified approach 
to athermal, traction-free nerve sparing reported that in- 
creased nerve sparing corresponds to increased percentages 
of patients with postoperative recovery of potency [34] . In their 
study, patients who underwent nerve-sparing grade 1 had a 
potency rate of 92.4% with a positive surgical margin rate of 
10.5%. 

The role of NVB preservation for urinary control is par- 
ticularly controversial. Recent studies, however, have shown 
a relationship between the urinary continence recovery and 
nerve sparing. Choi et al. [35] reported that bilateral nerve-spar- 
ing prostatectomy improved postoperative urinary functions 
and was associated with improved continence at 4 months 
(47.2% vs. 26.7%, P= 0.043), but not at 12 or 24 months. Simi- 
larly, Ko et al. [36] demonstrated that the probability of conti- 
nence recovery within 3 months was significantly higher for 



the partial nerve-sparing and bilateral nerve-sparing groups 
with a shorter time to recovery of continence, compared with 
the non-nerve-sparing group. Gandaglia et al. [37] reported 
that preoperative erectile function should be considered in 
predicting urinary continence after bilateral nerve-sparing 
radical prostatectomy. Since erectile function depends on 
systemic vascular status [38], it may also represent a marker 
of pelvic vascular disease, which may subsequently affect the 
status of the external urinary sphincter. In their study, patients 
who were fully potent before surgery had a higher probability 
of urinary continence recovery than patients with any degree 
of preoperative erectile dysfunction. 

FUTURE DIRECTIONS 

There are several novel techniques for improving the efficacy 
of a nerve-sparing procedure during radical prostatectomy 
without sacrificing any degree of cancer control. Multiphoton 
microscopy for real-time tissue imaging of the prostate and 
periprostatic neural tissue obtains high-resolution images of 
the prostate capsule, underlying acini, and individual cells 
outlining the glands at varying magnifications [39]. Tewari 
et al. [40] reported that multiphoton microscopy of freshly 
excised, unprocessed, and unstained tissue can identify all 
relevant prostatic and periprostatic structures and also patho- 
logical changes that were validated in pathologic examina- 
tions. Moreover, to aid the identification and preservation of 
the NVBs, numerous imaging modalities, including optical 
coherence tomography [41] and fluorescent peptides [42] are 
currently under investigation for assessing possible roles in 
the development of a more individualized anatomic nerve- 
sparing radical prostatectomy. These technologies, as well as 
accurate knowledge of the neuroanatomy of the prostate, will 
reveal the course of the nerves and sites of nerve branching 
otherwise not grossly visible during radical prostatectomy. 
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